The simplest stability indicating reversed phase Isocratic HPLC and UPLC methods has been developed and validated for the determination of fluconazole in bulk and solid pharmaceutical dosage form. A SunFire C18 (250 × 4.5 mm, 5 m particle size) column has been used for HPLC and BEH C18 (100 × 2.1 mm, 1.7 m particle size) column used for UPLC. The Mobile phase consisted of Methanol : Water (70 : 30) for HPLC and Methanol : Water (55 : 45 v/v) for UPLC. Isocratic flow was set at 1 mL/min and 0.30 mL/min, respectively, for HPLC and UPLC. For both HPLC and UPLC system detection has been performed at 211 nm with 30 ∘ C column oven temperature (good elution was obtained at 30 ∘ C) and injection volume, respectively, 2 L and 20 L for HPLC and UPLC.
Introduction
Fluconazole [2-(2,4-difluorophenyl)-1,3-bis-(1H-1,2,4-triazole-1-yl)-2-propanol] [1] is mainly used as an antifungal antibiotic [2] [3] [4] (Figure 1 ) is and also used to prevent yeast infections in patients who are likely to become infected, because they are being treated with chemotherapy or radiation therapy before a bone marrow transplant. Several HPLC methods were reported for the analysis of fluconazole in pharmaceutical preparations and in body fluids as plasma, serum, and human urine sample [1, [5] [6] [7] [8] [9] [10] [11] . Few of GC and HPLC methods have been reported for the determination of fluconazole in biological fluids, eye drops, and creams [12] . The UV method was also reported for syrups, capsules and intravenous solution, and microbiological assay for capsules [13] . Few of HPLC and UPLC methods have also been reported for the simultaneous determination of fluconazole and its combination dosage tablet [14, 15] . LC-MS/MS method was also reported for the determination of fluconazole in human plasma [16] . Review literature suggested that there is no single UPLC method reported for the determination of fluconazole in pharmaceutical dosage forms or in API with acidic, alkali ( Figure 2 ) is well known and widely used analytical technique for the analysis of drug products and drug substance [17] . Current work has advantages over the earlier in terms of speed and simplicity. This work also deals with the stability indicating study and forced degradation of fluconazole under conditions such as oxidation, acid hydrolysis, base hydrolysis, and thermal and photolytic stress [18] . This method was validated using both the instruments HPLC and UPLC by different parameters such as linearity, accuracy, precision, robustness, solution stability, and forced degradation studies. The validation procedure followed the ICH (international conference on harmonization of technical requirements for registration of pharmaceuticals for human use) guidelines Q2A and Q2B [19, 20] .
Instrument
The chromatographic HPLC system ( Figure 3 ) was used to perform development and validation of this assay method consisted Waters 2489 equipped with UV/Visible detector, quaternary solvent manager pump, and 20 L manual injector loop. UPLC analysis was performed on Waters Acquity UPLCTH system which contains binary solvent manager, autoinjector with PDA detector. For data acquisition, Empower 2.0 version software is used for both instruments.
Material
Reference standard of fluconazole was provided by Symed labs limited Hyderabad, India, and tablets of fluconazole (100 mg) were purchased from market. HPLC grade acetonitrile and methanol were purchased from Merc India Limited, Mumbai, India. Analytical grade hydrochloric acid, sodium hydroxide pellets, and hydrogen peroxide were purchased from Ranbaxy fine chemicals, New Delhi, India. High purity deionised water was obtained from Milli-Q (Millipore, Miliford, MA, USA) purification system. 0.45 m membrane filters were purchased from Pall Life sciences, Mumbai, India, and nylon syringe filters 0.45 m were purchased from Millex-Hn, Mumbai, India.
Chromatographic Condition
The chromatographic analysis has been performed on Sun-Fire C18 (250 × 4.5 mm id, 5 m particle size) and Acquity UPLC @ BEH C18 (100 × 2.1 mm id, 1.7 m particle size) columns simultaneous for HPLC and UPLC. The HPLC mobile phase were consisted of Methanol : Water (70 : 30) and for UPLC it consisted of Methanol : Water (55 : 45 v/v) with 211 nm UV detection and 30 ∘ C column oven temperature. HPLC flow rate was adjusted at 1mL/min with 20 L injection volume and for UPLC it was adjusted at 0.3 mL/min with 2 L injection volume. The total analysis time was selected 7.0 minute for HPLC and 3.0 minute for UPLC. Minutes 0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 
Preparation of Standard Solution
The stock solution of fluconazole was prepared by dissolving accurately weighted 25 mg of fluconazole in 50 mL volumetric flask with diluent (Water : Methanol (50 : 50)). This stock solution contains 500 g/mL fluconazole. For standard preparation take 5 mL of above stock solution in 50 mL volumetric flask and dilute it with diluent. These standard solutions contain 50 g/mL fluconazole.
Preparation of Sample Solution
The preparation of 500 g/mL stock solution: twenty tablets were accurately crushed and weighted and average weight has been calculated. The portion of powder equivalent to the weight of one tablet has been taken and transferred to a 50 mL volumetric flask and diluted up to the mark with diluents and filtered through 0.45 m membrane filter. For sample preparation 5 mL of stock solution was pipette out and transfer in 50 mL volumetric flask, diluted to volume with diluent. This solution was containing 50 g/mL fluconazole.
Result and Discussion
7.1. Method Optimization. Several trials have been taken for accurate and precise method development. After using different buffers and columns, suitable column chemistry and good peak shape was obtained only in HPLC SunFire C18 (250 × 4.5 mm id, 5 m particle size) and Acquity UPLC @ BEH C18 (100 × 2.1 mm id, 1.7 m particle size) columns with Isocratic mobile phase which contained Methanol : Water (70 : 30) and (55 : 45 v/v) simultaneous for HPLC and UPLC. For wavelength selection the standard solution was screened over 190-400 nm using the advantage of photo diode array detector. On the basis of peak absorption maxima and peak purity index, the 211 nm was decided as the detection wavelength which provided the maximum chromatographic compatibility to the method.
Method Validation.
Method validation includes several parameters like accuracy, precision, linearity, robustness, specificity, degradation study, limit of detection (LOD), and limit of quantification (LOQ). These all validation parameters have been performed systematically on both HPLC and UPLC instruments. All validations have been performed as per ICH guidelines Q2A and Q2B [19, 20] . Accuracy study was performed on the basis of recovery study at three levels 50%, 100%, and 150% of sample concentration. The recovery was found between 99 and 100% for both HPLC and UPLC, which is between under the acceptance criteria of ICH guideline Q2(A) [19] .
Precision study has been performed by multiple preparations of a single sample. Six different preparations of fluconazole were analysed in triplicate on the same day. Fresh solutions was prepared and analysed for system precision and method precision study. The % assay value has been calculated for each sample preparation using the peak area of chromatogram. The relative standard deviation obtained from the assay value of fluconazole using HPLC and UPLC has not more than 2%.
Linearity study was evaluating by analyzing seven solutions in the concentration range between 40, 60, 80, 100, 120, 140, and 160% which contain 20, 30, 40, 50, 60, 70, and 80 g/mL fluconazole, respectively. Linear regression equation was calculated by peak area obtained from different concentrations. It was = 2907 + 6956 for HPLC and = 89810 + 95164 for UPLC. The Correlation coefficient ( 2 ) was found to be 0.984 and 0.998, respectively, for HPLC and UPLC.
The Limit of detection (LOD) and Limit of Quantification (LOQ) have been established by evaluating the minimum level at which the analyte could be readily detected and quantified accurately. The LOD and LOQ were found at 0.5 and 1.5 g/mL for HPLC while for UPLC it was found at 0. 
where SD is standard deviation of the response and is slope of the calibration curve. The specificity of the method has been evaluated by ensuring that there was no interference from the placebo components or from products resulting from forced degradation. The degradation study was performed by applying acidic, alkali, oxidative, thermal, and sunlight stress to the sample and further the degradation was investigated using the above chromatographic method. The degradation study ensures that the method was able to separate fluconazole from the probable degradation products generated during the forced degradation study. Acid degradation (Figure 4 ) of the drug was performed by heating the drug with 1 N HCl for 45 minutes at 80 ∘ C. Alkaline degradation was performed by heating the drug with 0.1 M NaOH for 60 minutes at 80 ∘ C. Oxidizing degradation was performed by heating the drug with 3% H 2 O 2 at 80 ∘ C for 60 minutes. Thermal degradation was performed by exposing solid drug at 80 ∘ C for 24 hrs in hot air oven. For photolytic degradation powder drug has been exposed to sunlight for 36 hrs (day hrs only). The placebo was also subjected to the same stress conditions to identify any response due to the forced degradation conditions. After applying all these conditions the solutions were left in room temperature and diluted with diluent to furnish the volume up to the mark to prepare 50 g/mL solution. The % degradation determined by the method was shown in Table 1 . The robustness study was performed for proving that the method remained unaffected after slight but deliberate changes in the analytical conditions. Some factors chosen for this study were flow rate, mobile phase composition, and column oven temperature changes. The resulting data determined by this study was shown in Tables 2 and 3 .
The proposed HPLC and UPLC methods show a good sensitive, resolution and selectivity in bulk drug as well as in pharmaceutical dosage form. There was no significance observed on the results during analysis; therefore these both methods were highly robust, selective, precise, sensitive, and linear which was proven by the results obtained from validation study. The UPLC method was faster than HPLC method as it has only 3.0-minute analysis time and also the sensitivity was much higher as compared to HPLC method which is proven by comparison of validation results (Table 4 ). These both methods can be applicable for quantification of Chromatography Research International 5 fluconazole in both drug substance and drug product in pharmaceutical dosage form.
